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1. INTRODUCTION AND SUMMARY 


This final report describes the study, design, development, and test results of 
a high power, low loss, K-band switch suitable for space applications. 

This development effort is of significance to NASA as it provides for high power 
latching switches which will be required in 20/30 GHz communication satellite systems, 
Specifically, a wavequide latching switch with a bandwidth of 1300 MHz at an insertion 
loss of 0.25 dB was demonstrated. This type of component has been developed at X- 
band, tested, and qualified for use in a space vehicle, 

The period of performance was originally 27 February 79 to 10 June 80. Delivery 
of the switch was extended to 19 August 80 due to delays in material delivery and 
development complications, The first switeh was delivered in mid-August*, the second 
unit was developed further, resulting in improved performance. Table 1 specifies 
the design goals for these devices and lists the performance achieved. The proposed 
switch design was a natural extension of a highly successful high power K-band latching 
switch that was qualified for space applications early in 1978, This component demon- 
strated extraordinary performance over band and was recently adapted for use in the 
LANDSAT program. The design for a switch at 19 GHz was extended from this X=band 
model . 

A photograph of the K-band switch is shown in Figure 1. For an application 
involving redundant TWTA's, the input port would be to the right and on its opposite 
side (not visible). The output port would be to the left. Note the compact design 
with a single 9 pin plug for power and switching; the actuating circuitry is located 
within the housing. 

This report is organized as follows: Section 2 details the design considerations 

of the switching junction and Section 3 describes the development of the fixed and 
switching junction, as well as actuating circuitry and testing. Overall conclusions 
and recommendations are contained in Section 4. 


Table 1. K-Band Switch Perfonnar.ee 





2, DESIGN CONSIDERATIONS 


2.1 Introductio n 

The design approach to the waveguide RF latching switch is described in this 
section. In the nov*l TRW design, the RF and driver ferrites are separate structures 
and, thus, can be optimized individually. The analysis for each structure is 
separately detailed in this section. 

Throughout the development of circulators at TRW, computer analysis has con- 
tributed to the design of these state-of-the-art components. With circulators having 
been previously designed over severs! frequency bands, a computer program was Written 
to more quickly arrive at a solution for a given requirement. This algorithm has 
grown and been revised and refined many times contributing useful information during 
each project. A brief discussion of the Computer Aided Design used during the switch 
development Is contained in Section 2,4. 

2.2 RF Design 

The current state-of-the-art at TRW of ferrite components had its inception 
several years aqo when a market search disclosed that the components available were 
inadequate by wide margins. Since that time, an impressive line of circulators has 
been developed over a number of waveguide bands extending well into the millimeter 
wave frequencies. The knowledge gained through this experience was directly applied 
to the design of this switching circulator. Due to the separation of RF and switching 
ferrites, the RF structure was initially developed as an independent unit. The rest 
of this section describes the RF design of a circulator with reference to a switching 
junction. 

The circulator, which is produced at TRW, employs a cylindrical geometry which 
was patented in 1978. Basically, the RF section features a dual turnstile junction. 

As shown in Figure 2a, the circulator consists of a dielectric tube which contains 
two ferrite rods, two dielectric spacers, and a thin metallic wall septum separating 
the above parts along the center of symmetry of the waveguide to form two turnstiles. 
This subassembly is Indexed and locked in the center of symmetry of a uniform junction 
of three waveguides by the metallic transformers installed in the top and bottom 
walls of the housing as shown in Figure 2b. 

The specific design of the RF junction in the K-band switch is largely based on 
the typical junction configuration depicted above. There are, however, two distinctions 
of major significance. The thin metallic septum which was previously located in the 
center of a junction is now located at either end; a single dielectric dJsk replaces 
the two earlier separated dielectrics. As depicted in Figure 3, the RF junction used 
in a switching circulator features ferrites chamfered on the interior edge to enhance 
their magnetic characteristics. Dimensions for this junction are based on the non- 
switching junction dimensions. 
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Since a large part of the Initial junction dimensions is assigned based on our 
computer analysis, further discussion Is continued In Section 2,4. The performance 
of this circulator Is included In Section 3. 

2,3 Driv er Design 

The next step in the switch design process is to determine a compatible ferrite 
driver assembly, A driver design Is based on a variety of restrictions, several 
of which are imposed by the RF junction dimensions. Performance is also affected by 
the materials and the volume of the driver, 

A driver assembly is fundamentally comprised of two ferrites, one coaxially 
located within the other and separated by a small gap. As ahown in Figure 4, this 
space is provided to accommodate the switching cc 11 and to Insure a high magnetic 
reluctance path between the ferrites, A cap of identical material is bonded to the 
top furnishing part of vne magnetic path. Utilizing identical material in the epoxied 
driver, preserves the mechanical integrity as thermal expansion and vibration effects 
are constant throughout the unit. The RF ferrite provides for the other segment of 
this magnetic path depicted in Figure 5. To maintain the switch latched In its last 
switching condition, an intimate contact between the RF ferrites and their driver 
ferrites is insured by a properly designed wavy-washer spring which compresses the 
whole junction assembly, In this way, the thermal expansion, shock and vibration 
problems are effectively eliminated, 



Figure 4. Driver Assembly for Switch 
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Figure 5, Magnetic Loop of Switching Junction 
(Only 1/2 of Junction is Shown) 

A ferrite driver has its general volume determined independently of most RF 
Junction criteria. This is due to the fact that the size of the switching coil wire 
is a function of the switching current, which is essentially constant and independent 
of frequency. In larger waveguides, coll size is a minor problem. However, the size 
is a significant factor at K-band and above. It is mandatory that the ferrite driver 
volume remains constant; there is a minimum size required to insure the driver has 
adequate mass (inaqnetic energy storage capacity) to latch in a given direction. 

The design of the RF Junction significantly affects the driver design, Both 
the c .terial used in the RF ferrite, as well as its shape, affect the respective 
elements of the driver. Ferrite used in the driver should have a high residual 
magnetization (B r ) with respect to the RF ferrite magnetization (B n) ). A higher B r - 
B m insures that the junction is properly latched. As shown in Figure 6, a magnetic 
hysteresis loop can be used to describe latching in the microwave switch, A driver 
of small B r ~B at room temperature would be placed at point A, whereas a strongly 
magnetized junction would be placed at point B. A bar is sketched throuqh each point 
to portray temperature effects. Notice that switch A is useless over part of its 
temperature range. Not only will insertion loss (among other parameters) increase 
significantly at greater than room temperature, but there is a possibility the 
junction may not latch properly at all. Use of the proper material is of major con- 
sideration when designing a switching cirtulator. 
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Figure 6. Hysteresis Loop of Switch with Two Sets of Drivers 
A: Low B: Higher B r -B m 

Another less pronounced effect is related to the diameter of the RF ferrite. 
Previous experience has shown that at the interface between the RF and driver ferrite, 
the driver has certain limits on its 'diameter. The actual size of the driver is 
determined during the breadboard development. 




As noted in earlier sections of this report, computer aided desiqn has played 
an increasing role in the development of non-switching junction circulators. Each 
component part of a junction interacts to form a complete circulator and is the basis 
of the algorithm which is discussed below. 


Primary considerations for any circulator design program are the ferrite character- 
istics. The most important parameters are the ferrites’ dielectric constant and satu- 
ration magnetization. Analysis of this dielectric constant with respect to frequency 
yields important information about the size of the ferrite. The ferrite length and 
diameter are also governed in part by the R/L ratio and operating modes. Saturation 
magnetization likewise affects the ferrite dimensions, but not as acutely as the 
dielectric constant. 
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Dotermi nation of the other component dimensions extends from the ferrite 
dimensions. Again, dielectric constant is ot importance in the spacer and cotitain- 
ment tube. Waveguide size has a predominant influence on the lengths of these 
impedance matching elements, An extensive algorithm is devoted Is calculating 
junction components once ferrite dimensions are determined. Sample output for a 
circulator designed at X-band is shown in Figure 7. 

Design of a non-switching circulator employing the aid of a computer has been 
recently expanded to include switching circulators. A discussion of these refined 
programs is included in Section 3,4, Switch Development, 


WAVEGUIDE JUNCTION CIRCULATOR DESIGN DATA 


INPUT DATA 


FREQUENCY RANGE (GI1Z) ? 1G 
FREQUENCY INCREMENT (MHZ) 1 E>00 
SATURATION MAGNETIZATION (GAUSS) TOGO 
WAVEGUIDE HEIGHT (It!) 0.497 
FERRITE DIELECTRIC CONSTANT 1b. 1 
SPACER DIELECTRIC CONSTANT 2.5 17 
G EFFECTIVE 1.93 


JUNCTION DESIGN PARAMETERS 
F(GHZ) L(TN) MS MU E 


ZC/ZG 


7.GGGG 

8.5000 

10,0000 


1 .6861 

0 , O'* <6 

0.5986 

3.2217 

0.2469 

1.3886 

0.52.18 

0.7277 

5.5760 

0,3997 

1 , 1803 

0,4435 

0.8033 

4.0286 

0.5813 


JUNCTION DIMENSIONS 

F(GHZ) 'LD( IN) DUN) HIM (III ) IIY(TN) TUN) 


7.0000 0 , Ot? M 9 

8.5000 0.06m? 

10.0000 0.1550 


1.1711 0.5641 
1.0223 0.5685 
0.9131 0.7083 


G. 2464 0 , 1&5’ } 
0.3142 0,0914 
0.3789 0,0590 


Figure 7. Sample Output of Circulator Design Program 
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3. SWITCH DEVELOPMENT 


3.1 Introduction 

Development of the K-band latching switch was broken into several projects of 
varying emphasis. Prior to development, a raflectometer test set was assembled, 
calibrated, and tested. Breadboard activity proceeds with the fabrication and 
tuning of a fixed junction circulator. Once the circulator is finished, development 
is extended to the actual switch requiring the longest period of effort. The final 
development stages of the switch are paralleled by the design and fabrication of the 
switch actuatinq circuitry. These activities are discussed in this part of the report, 
as well as presentation of the final results. Section 3 concludes with the results 
obtained from shock and vibration tests and measured thermal characteristics. 

3.2 Instrumentation 

Development of a latching switch at K-band requires a properly calibrated test 
circuit and Instruments. Since a microwave source that operates from 15 to 22 GHz 
is not readily available on the market, a K-band circuit which operates from 18 to 
26.5 GHz was substituted. This waveguide latching switch design was intended for 
frequencies from 18 to 20 GHz, which allows the substitution. Transitions from the 
WR-42 waveguide employed in the test bench, to WR-51 required for the switch, are 
utilized where necessary to accommodate the switch and detector isolator. Figure 8 
contains a schematic of the microwave circuit used for this project. In this circuit, 
there are two components which can create erroneous measurements if inaccurately 
manufactured - the load and the detector. Testing and tuning of these units is 
necessary to obtain reliable results. 

The basic instrument to measure power is a crystal detector and should, therefore; 
be a perfect load to prevent reflections. An.v mismatch in the unit would visibly 
degrade the true Derformance of any component under investigation. Unfortunately, 
most commercial detectors present some mismatch to a microwave circuit, as shown in 
Figure 9a. Inserting an attenuator prior to the detector enhances VSWR (Figure 9b). 

This type of tuning is used in the VSWR detector of Figure 8, where the 10 dB directional 
coupler duals as an attenuator. However, an attenuator pad is not as useful as an 
isolator for the following reasons: 1) there is a significant improvement in isolation, 

and 2) more power is transmitted to the detector with an isolator. A combination of 
the attenuator and isolator results in an acceptable impedance match, as shown in 
Figure 9c. Tuninq of the detectors effectively prevents impedance mismatch at the 
instrument from deqrading the entire circuit. 
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Figure 8, Schematic of K-band Development Circuit 


Another component which r -n adversely affect component measurements is a load. 
Similar to the detector, a loau may reflect a portion of its input power, thereby 
affectino the performance of the test unit. Figure 10 dramatically illustrates the 
effect a poorly assembled load has on the performance of an adjoining circulator. 
Examining the available loads, it was determined that commercial K-band loads were 
inadequate. Consequently, we designed and constructed loads at our laboratory. 

Typical performance of the WR-51 loads is depicted in Figure 11. 

One final consideration in our measurement bench is the isolating circulator, 
Throughout the development of our own fixed junction circulator, another available 
non-TRW circulator was utilized. Upon conmletion of the fixed junction, our superior 
circulator design in WR-51 replaced the test bench WR-42 circulator, which also 
eliminates any waveguide mismatch (Figure 8). Periodic tests insured system integrity 
throughout the duration of the project. 




Figure 9, VSWR of Detector 

a. Detector only 

b. Detector with attenuator 

c. Detector with isolator 
and attenuator 
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3 * 3 Fixed Junction Circulator 

The design of a K-band non-switching circulator was established from efforts on 
circulators at other frequencies and results from our computer program. As described 
in Section 2,4, this program generated initial junction dimensions from which bread- 
board development ensued. The unit is fine-tuned to provide a junction with excellent 
performance from 18 to 20 GHz. 

With material procurement completed bv June of 1979, the non-switching junction 
was constructed. Initial development began with TT2-4000 ferrites; analysis through- 
out the first phase continually assured us that this was the proper material. The 
ferrite and other junction materials were fabricated according to the dimensions 
suggested by computer analysis which are shown normalized in column A of Table 2. 

After several weeks of fine tuning, the performance of the non-switching junction 
was optimized over the desired band. Final dimensions for this circulator are 
included in column B of Table 2, normalized to the computed dimensions. 

The non-switching circulator served two purposes for the development of a 
switching junction at K-band. First, it provides the initial dimensions for the 
RF junction ferrites of the switchino junction, Previous efforts have indicated 
that reasonable initial dimensions for the switching junction are related to the 
fixed junction results. Also, the junction was utilized as a fine-tuned Isolator to 
enhance the measurement accuracy of our test bench as discussed in the previous section. 
Performance data on this circulator is presented in Figure 12. 


Table 2. Normalized Comparison of Non-Switching Junction Dimensions 
A. Computer Analysis; B. Actual 


Variable 

Definition 

A 

B 

D f 

Ferrite Diameter 

1.00 

0.98 

L f 

Ferrite Length 

1.00 

1.08 

L d 

Spacer Length 

1.00 

0.88 

t 

Transformer Height 

1.00 

0.86 

D 

Transformer Diameter 

1.00 

1.02 
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Figure 12. Final Performance of Non-Switching K-Band Circulator 


3,4 Latching Switch Development 

The K-band latching switch development began with the assembly of a junction with 
dimensions calculated from the fixed junction size and ferrite driver restrictions, 

Since this particular band does not boast a microwave latching switch with such excel* 
lent characteristics, development also Involves learning and understanding the particular 
limits of this project. The completed switch advances the state-of-the-art of micro- 
wave devices, A presentation of the actual development Is included in this section 
of the report. 

Early In the extension of a latching switch from X-band to K-band, a housing 
design was chosen. Principal considerations are waveguide path and size; there is 
electrically a very short path through the junction to minimize guide losses. 

Miter corners allow a low loss bend from the necessary 120° junction angle to the 
desirable 90° angles for a simplified circuit connection. Another detail concerns 
the housing dimensions. The switch should be as compact as possible while ensuring 
that it is still capable of housing the driver ferrites and actuating circuitry. 

This design is shown in Figure 13. 

After the housing design was completed, analysis of ferrites to select the proper 
materials was initiated. Use of TT2-4000 in the non-switching junction made this the 
first choice for the switch. Evaluation continued throughout the project with C-U 
and C-44 also showing promising results. The TT2-4000 ferrite was selected due to 
its superior performance over the desired frequency range. 

Choice of the RF ferrite has a direct influence upon the driver material which 
can be used. Originally, TT6-2800 was determined to be adequate for our needs. Later 
development disclosed that TT71-4100 was superior to TT6-2800. The reasons for select- 
ing this material were presented in Section 2.3. 

The ferrites and dielectric used in the switch were under continued evaluation to 
verify compliance with material standards and specifications. Other parts, such as 
the housing and transformer, were inspected to insure all parts are within tolerance. 
Quality control for the K-band switch was similar to the system used for the fully 
space qualified DSCS II, Phase 2 and Landsat latching switch. 

As discussed earlier in Section 2, the non-switching junction results are utilized 
in the switching junction design. Essentially, the ferrite dimensions are expanded to 
accommodate the magnetic return path which allows a switching junction to operate 
properly. Other component parts are adjusted accordingly for impedance matching. 

The first latching switch (designated -1) was completed in early August. Its 
performance was satisfactory, although it did not meet all of the program requirements. 
Figure 14 shows the performance of this switch. Note that the only objective not 
reached was bandwidth*, this particular unit was 100 MHz short of the 1400 MHz required. 
Other requirements were successfully obtained. 


17 



i i i i i i r 


r 


ii 

- 

i: 

5 


it 

:i 

« 


] 

1 

J 

1 



i 

3 


■JO 





j Figure 14. Final Performance of K-band Latching Switch (-1) 
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With the first unit completed, a second unit was assembled and further refine- 
ments were made. The modified switch exhibited an improvement in bandwidth , as well 
as isolation. The performance presented in Figure 15, as well as the data contained 
^ in Table 1 on page 1-2, clearly show the improvement. Our second unit successfully 

js met all of the project requirements, 

Although the switches were designed individually and do not exhibit the same 

performance, all other specifications are identical, Table 3 contains all data 

pertinent to a designer in order to interface the switch with other components. 

* 


Table 3. Interface Data for K-Band Switch 


Item 

Description 

Weight 

355 g (12.5 oz.) 

Size 

9.53 cm. x 3.18 cm, x 5 cm. high 
(3.75 In. x 1.25 in. x 2 in. high) 

/ Paa C4 /iiima 10 na nfl 1 

riyui c » ** * pyv 

Waveguide 

WR-51 

Flange 

WR-51 Cover 

External Connector 

DEMA-9P 

(See Figure 13, page 
and Figure 16, page for wiring) 

Power Supply 

24-28 Vdc 

Maximum current required (during 
switching only) 1 mA 

Switching Time 

BO usee 

Max. Power Input 

100 W (CW) 


I 

3 ' 








Figure 15, Final Performance of K-Band Latching Switch (-2) 
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3 . 5 Switch Actuating Circuitry 

The size of the K-band switching housing is dictated In part by the actuating 
circuitry which Is contained Inside the unit, All that is necessary to operate the 
switch Is an external 24 volt power supply and two SPST switches, Closing one external 
switch will activate the unit for clockwise circulation, while the other switch will 
activate the unit In the opposite direction. Switching time is approximately 50 usee 
with a recharge period of 30 seconds necessary between successive actuations of the 
same circulation direction, 


The schematic for the latching switch actuating electronics consists of two 
Independent circuits, one for each direction of circulation, Each driver has two 
adjacent coils built into the driver which are electrically independent. As shown in 
Figure 16, one driver contains colls 1A and 2A t while the other contains IB and 2B, 
Each circuit has its own bank of discharge capacitors, series dropping resistor, and 
trickle charge resistor. A series dropping resistor limits current in the devices 
during capacitive discharge. Similarly, a trickle charge resistor limits power supply 
requirements for charging and prevents excessive loading on either the supply or K- 
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uoiivi anivwi luiip oiiuuiu a oral ui curtci ycwwmc i r vi£Cii 

pin assignment used for the 9 pin D connector is also included in the figure. 


Though the actuation circuitry for the latching switch has two independent 
circuits, they are combined onto a single board. This board is designed such that 
each side holds the components for an entire circuit as displayed in Figure 17. 

Note that each side contains four capacitors to increase reliability; switching capa- 
bility is still intact with two capacitors disconnected. The circuit board is placed 
into a cavity located inside the switch housing. Special foam is packed around the 
board enabling the unit to pass shock vibration requirements with ease. Figure 18 
shows a hidden view of the board as it resides in the latching switch. 


The power supply for the switch should be at least 24 volts. Switching will 
still occur reliably at 15 volts, but the recovery time for the actuating circuitry 
is longer. 
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NOTES; UNLESS OTHERWISE SPECIFIED 



f Latching Switch Actuating Circuitry 










Figure 17. Board Layout of Switch Actuating Circuitry 















Figure 18. Internal View of Actuating Board 





3.6 Shock and Vibration 


After completing the second latching switch, this unit was sent to the Environmental 
Test Department for shock and vibration tests. The results of this testing apply to 
both K-band units as the mechanical design is identical. (Small changes in the junction 
dimensions do not affect the structure of the switch.) 

The testing of our -2 K-band switch followed the test procedure dated 6 November 
1979. This procedure outlines the type and level of both the shock and vibration tests. 
Specific documents which form a part of this procedure are NAS3-21 761 , provided by NASA, 
and EV2-48 generated by TRW. A summary of the shock and vibration guidelines is contained 
in Table 4. 


Table 4. Shock and Vibration Test Program 


Ambient Condition ; 

Temperature 
Relative Humidity 
Barometric Pressure 


65-80°F 

70 % RH or less 

between 28 and 32 inches of mercury 


Virbration: 


Perpendicular to mounting surface 

Frequency. 

200-100 Hz 
100-180 Hz 
180-1000 Hz 
1000-2000 Hz 


Level 

Increase at 6 dB/octave to 0.4 g 2 /Hz 
0.4 g 2 /Hz 


Overall grms - 21.01 

Parallel to mounting surface 

Frequency 

20-100 Hz 
100-1000 Hz 
1000-2000 Hz 
Overall grms = 11,97 
Test duration 

Shock ; 

Amplitude 

Duration 

Test to be done on all 


0.3 g 2 /Hz 

Decrease at 6 dB/octave 
Level 

2 

Increase at 6 dB/octave to 0,1 g /Hz 
0.1 g 2 /Hz 

Decrease at 6 dB/octave 

One minute per axis for each of 
three orthogonal axes 


30 "g's" 
8 m$ 

three axes 
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As noted in the original test program, the switch performance is measured prior 
to each test and again after test completion. Final performance of the switch is 
recorded before the vibration test; this data was shown in Figure 15. Vibration tests 
were consistent with the guidelines contained in Table 4. Figure 19 shows the results 
of the vibration tests for all three axes of the switch. 

Referring to Figure 13, which shows the housing design, the X-axis 1$ perpendicular 
to the port 1 flange, A line which is perpendicular to the port 2 flange (or port 3) 
is the Y-axis, with the Z-axIs perpendicular to the top surface of the switch. 

After vibration tests are completed, the switch performance Is compared to its 
original data, indicating latching has been maintained, The switch is then returned 
to environmental test to obtain shock data; results for this test are shown in Figure 20. 

A final set of measurements Is taken on the -2 K-band switch performance after 
shock tests are complete. The status of the switch is closely monitored to verify that 
the unit is still positively latched. Comparison between the original measurements 
and this final set will reveal any flaws in the switch design. The post-shock data 
used for comparison is presented in Figure 21. 

An examination of the final performance of the K-band switch shows negligible 
change in performance, Both shock and vibration tests were passed without difficulty. 

The switch remained latched in its last position throughout either test without any 
degradation in performance; it is clear that the switch is mechanically and electrically 
qualified for the rigors of space. 
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Figure 19b. K-Band Switch Vibration Test Data: Y-Axis 
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Pm SC : 2 


r 

• -M- J 


^ .. 


UNIT: It -Bind Switch 

S/N: 00? 

CALIBRATION 

Verticil: 10 gpk/c» 

Horltontil : 2 ms/cm 

AXIS: «X 

ACCEL: Control 

PULSE: 3 


■prp’T 


Ir+I n 

rr , r + — (1 




Figure 20a. K-Band Switch Shock Test Data: +x Axis 
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UNITt K-Rand Switch 
S/Ns 

CALIBRATION 

Vertical: 10 n n k/cm 

Horizontal: *■ ws/cm 

AXIS: +x 

ACCEL: Control 

PULSE: 1 



i 

i 


UNIT: K-Band Switch 

S/N: 002 

CALIBRATION 

Vertical: *0 gpk/cn 

Horizontal: 2 ms/em 

AXIS: + X 

ACCEL: Control 

PULSE: 2 



UNIT: K.-Band Switch 
S/N: 002 

CALIBRATION 

Vertical: 10 gpk/em 

Horizontal: 2 ms/cm 

AXIS: +X 

ACCEL: Control 

PULSE: 3 



Figure 20a. K-Band Switch Shock Test Data: +X Axis 
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UNIT: K-Band Switch 

S/N; 002 
CALIBRATION 

Vortical: 10 gpk/cm 

Horizontal: ? ms/cm 

AXIS: -X 

ACCEL: Control 

PULSE: 1 


UNIT: h-Rand Switch 

S/N: Op;' 

CALIBRATION 

Vertical: 10 gpk/em 

Horizontal: ? ms/en 

AXIS: -X 

ACCFL: Control 

PUL ST: ? 



UNIT: K»Bat)d Switch 

S/N: iW 

CALIBRATION 

Vertical: 10 gpk/cm 

Horizontal : S nn/cm 

AXIS: -X 

ACCEL; Control 

PULSE; 3 


original PAGE is 
OP POOH Q, II ALU 



Figure 20b, K-Band Switch Shock Tost. Data: 



UNIT: *-B»nd Switch 

S/N : 00? 

CAl I BRAT ION 

Mrttul: 10 fpB i ■ 

Nor t/ontil t ? *»/C« 
AXIS t ♦* 

ACCEL: Control 
PULSE: 1 




UNIT : K*B*nd Switch 

S/N: 00? 

CALIBRATION 

Verticil: 10 < } pL/c* 

Horlionttl: ‘ 

AXIS: 

ACCEL: Control 
PULSE: 3 



Figure 20c. K-Band Switch Shock Test Data: *Y Axis 
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UNIT; K-Band Switch 
S/N; 002 
CALIBRATION 

Vertical j 10 gpk/cm 
Horizontal; 2 ns/crn 


AXIS: « 


ACCEL; Control 
PULSE: 1 



UNIT: K-Band Switch 

S/N: 002 

CALIBRATION 

Vertical; 10 gpk/cm 
Horizontal* ? ms/cm 

AXIS; +Y 

ACCEL; Control 

PULSE: 2 



UNIT: K-Band Switch 

S/N: 002 

CALIBRATION 

Vertical; 10 gpk/cm 
Horizontal t 2 nis/cm 

AXIS: + Y 

ACCEL; Control 

PULSE: 3 



Figure 20c. K-Band Switch Shock Test Data: +Y Axis 
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UNITt ► -Hand switch 
S/M : 00? 

CM 1 6 RATIO'* 

Vertical : 10 gpk/c* 

Horizontal : ? **/cm 

AIM: •» 

ACCIL : Control 

msi: 1 



UNIT: •■•Band Switch 

S/N ; 00 2 

CALIBRATION 

Vertical: 10 gpk/c* 

Horizontal : ? *i/t» 

AilSi •* 

ACCfl: Control 

PUtSI: * 



UNIT : • -Band Switch 

S/M: 00? 

C At I fl PAT |0N 

Vert ual ’ ‘ W 

Horizontal : ? *t/cm 

AIIS: ** 

ACCIL: Control 

PUL SI: J 


•UUITNAL FAC.fi . 

POOH QUAl.l 



Figure 2 Od. K-Band Switch Shock Test Data: - v Axis 
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UNIT} K.Band Switch 
S/N: 002 

CALIBRATION 

Vertical} 10 gpk/ern 
Horizontal} 2 ns/em 

AXIS} *Y 

ACCEL! Control 

PULSE.* 1 



UNIT: Mand Switch 

S/N: OBJ 

CALIBRATION 

Vertical: 10 gpk/cm 

Horizontal: r m-j/cra 

AXIS; -Y 

ACCEL: Control 

PULSE: 2 





UNIT: h.Band Switch 

S/N: on? 

CALIBRATION 

Vertical: 10 gpk/cm 

Horizontal; 2 ms/em 

AXIS: -Y 

ACCEL: Control 

PULSE: 3 


nUlltTNAL FAGB 'V 

' POOR QXIAI.r. - 



Figure 20d. K-Band Switch Shock Test Data: -Y Axis 
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UHIT: K-B«n4 s»tU* 

S/M: W 

CAl II RAT I OK 

Verticil : >0 9pk/<* 

Morilontil S l *»/C» 

AXIS: *J 

ACCfl: Control 

MULSC : » 



I 

! 

I 






Figure 20e. K-Band Switch Shock Test Data: *Z Axis 
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UNIT: K-OamT Switch 

S/N! 00,’ 

CALIBRATION 

Vertical : 10 Qpk/cm 

Horizontal : 2 ms/cm 

AXIS: ♦? 

ACCEL: Control 

PUtSt: 1 



UNIT; ^and Switch 
S/fj; ULV 
CAL i DRAT I ON 

Vertical; 10 fjpk/cm 
Horizontal; 2 ns/cm 

A VIC. Ml 
finiwi * r 

ACCEL: Control 
PULSE; 2 



UNIT: K-Bami Switch 

S/N! 002 
CALIBRATION 

Vertical; 10 gpk/cm 
Horizontal: 2 ras/cm 

AXIS: +2 

ACCEL: Control 

PULSE: 3 



Figure 20e. K-Band Switch Shock Test Data: +Z Axis 
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li. Hint • 



UNIT : K-Bind SwltcN 

S/N: Ml 

CAl I B RAT ION 

Verticil : 10 flpk/c« 

Horl/ontil: ? »t/t* 

AMIS; •* 

ACCIL : Control 

NASI: 1 



UNIT; f -Band Switch 
S/N: M 

CALIBRATION 

Verticil : TO gpk/c* 

Horlfontil: ? »«/{« 

AXIS: - * 

ACCIL: Control 
PULSC : 1 



UNIT: V.Bond Switch 

S/N: 00: 

CALIBRATION 

Verticil: 10 gpk/cw 

Horl/ontil : ? *it/c» 

AXIS: *Z 

ACCIL: Control 

PUl SI : 3 


ouigiv, : r - ^ 

ov ?ikv vary 



Figure ZOf. K-Band Switch Shock Test Data: -Z Axis 
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UHITi K-Dand Switch 
S/N: 002 

CALIBRATION 

Vertical; 10 gpk/em 
Horizontal; 2 m/m 

AXIS; -Z 

ACCEL; Control 

PULSE: 2 


UNIT: K-Band Switch 

S /Hi 002 

CALIBRATION 

Vertical: 10 gpk/cm 

Horizontal; 2 ms/cro 

AXIS; -Z 

ACCEL; Control 

PULSE! 3 


OiaGlN/rl, 

nv POfVjr A* ; iiY 


CALIBRATION 

Vertical; 10 gpk/cm 
Horizontal: 2 m s/cm 

AXIS; »Z 

ACCEL: Control 

PULSE: 1 


Figure 20f. K-Band Switch Shock Test Data 



Figure 21. Switch Performance after Shock and Vibration Tests (-2) 
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3,7 Thermal Tost 

Prior to delivery of the -1 K-band switch, extensive thermal tests were conducted 
on the operating unit. The switch was required to operate over a 46C° temperature 
range from 10°C to B6°C, Furthermore, the unit should demons trate survivability down 
to «M°C without performance degradation when returned to operating temperature, The 
survivability test does not require the switch to be operating. 

Shortly after performance measurements on the first switch were completed, thermal 
testing began. Our testing program Involved measuring the room temperature performance 
as a reference level, The performance was then measured at +56°C and 10°C. A fourth 
measurement was taken again at room temperature to monitor return to the original per- 
formance. 

A complete set of thermal measurements was recorded to account for use of any of 
the ports as an Input port. Such testing required a complete temperature cyeling for 
each of the three ports measured, The data obtained is presented In Figure 22, 

Survival testing of the K-band switch was conducted by covering the temperature 
range to However, the swltdi was kept In the circuit since we were positive 

our circuit would operate due to past experience, Figure 23 shows the Insertion loss 
of the operating switch at -3G“C and ~«14 C C. Insertion loss was selected since It Is 
the most sensitive performance parameter, 

Upon completion of the survival test, the switch performance was remeasured at 
room temperature as a comparison to the original performance, The switch displayed 
identical performance after thermal tests were completed as presented in Figure 2a. 

The K-band switch passed all of the thermal tests, including survivability. The 
design of this unit allows switch operation even at the survival temperature, Since 
the design of this switch is similar to the Landsat and DSCS II switches, which exhibited 
negligible temperature deviations between component parts, the component temperatures 
of this junction were not measured, 


f*u‘ 
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Figure 22b. Performance of K-Band Switch Under 
Thermal Test (-1) with Port 2 as 
Input 
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Figure 22c. Performance of K-Band Switch Linder 
Thermal Test (-1) with Port 3 as 
Input 
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T Figure 24, Switch Performance after Thermal Test 

il ORIGINAL PAGE IS 

OF POOR QUALITY 























4, CONCLUSIONS 


The K-band switch developed for NASA-Lewi$ was a project requiring delivery of 
two switches. These light-weight units, whose performance is listed in Table 1, 
demonstrate extraordinarily low insertion loss and high isolation over a bandwidth 
of 1.4 GHz, Housed in a single compact unit, as shown in Figure 1, the switching 
junction and its actuating circuitry met all shock and vibration requirements with 
no physical damage or performance degradation. In addition, our K-band switch exceeded 
thermal requirements by operating over a 100C° temperature range (-44°C to +56°C), 

The units not only operate under adverse conditions, they have a high power handling 
capability allowing up to 100 W of CW input power. 

Extending the operating frequency range of a waveguide latching switch from X-band 
to K-band involved a year of activity. As the project became more intense, our under- 
standing of the design criteria for switches at higher millimeter wave frequencies grew. 
There were elements of the design which followed closely the Landsat switch design; 
other parts of the design were completely contradictory and afforded a new understanding 
of the influence this higher frequency had on our preliminary design. This knowledge 
was extremely useful in producing a state-of-the-art device and, furthermore, it allows 
us an insight into the design of other switches at higher frequencies. In short, the 
development of this truly unique latching switch was a complete success. 
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